Dear Editor,

The Coronavirus Disease 2019 (COVID-19) pandemic has become a great threat to public health \[[@CR1]\]. Nucleic acid detection for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) by real-time reverse-transcriptase polymerase chain reaction (rRT-PCR) is regarded as the gold standard method for COVID-19 diagnosis, yet several studies have reported that rRT-PCR yields false-negative results \[[@CR2], [@CR3]\]. Here, we report a case of severe COVID-19 with initial seven consecutive false-negative rRT-PCR results in the First Affiliated Hospital, School of Medicine, Zhejiang University.

A 30-year-old man visited the fever clinic of our hospital on January 22, 2020, presenting with fever (peak body temperature: 37.9 °C), fatigue, chills, dizziness, and chest tightness for 3 days. He confirmed of having come in close contact with a colleague with SARS-CoV-2 infection. Computed tomography (CT) showed patchy dense shadows with mixed ground-glass opacity in the left lower lung (Fig. [1](#Fig1){ref-type="fig"}a). However, his rRT-PCR test results from sputum specimens for SARS-CoV-2 were not positive. Laboratory tests showed that white blood cell (4.2 × 10^9^/L), neutrophil (2.2 × 10^9^/L), and lymphocyte (1.36 × 10^9^/L) counts were within the normal range, while the C-reactive protein (CRP) level was elevated (15.11 mg/L). Considering the CT features and epidemiological exposure history, he was admitted to our hospital despite the negative rRT-PCR result. During the period of isolated observation and medical care, repeated nucleic acid testing of sputum specimens and chest CT were performed. Results of rRT-PCR were continually negative until the eighth test on day 8 after admission (day 11 after illness onset). The development process and disease treatment are summarized in Fig. [2](#Fig2){ref-type="fig"}. The progression of pulmonary lesions was observed on CT 3 days before the first positive rRT-PCR result (Fig. [1](#Fig1){ref-type="fig"}b). Pulmonary lesions on CT progressed significantly after testing positive for SARS-CoV-2 infection, and this patient developed severe pneumonia (Fig. [1](#Fig1){ref-type="fig"}c, d). The lung ultrasound showed features similar to those observed on CT (Fig. [3](#Fig3){ref-type="fig"}). After the systematic treatment for COVID-19, the patient's symptoms were relieved, and the progression of lung lesions was halted. Positive rRT-PCR results continued for 4 days, after which nucleic acid detection of sputum and stool samples turned negative.Fig. 1Imaging features of chest CT. **a** CT on day 4 (with initial negative rRT-PCR SARS-CoV-2 results) showed patchy dense shadows with mixed ground-glass opacity in the left lower lung. **b** CT on day 8 (with negative rRT-PCR result) showed patchy and nodular dense shadows in both lower lungs. The scope of pulmonary lesions is enlarged. **c** CT on day 11 (with initial positive rRT-PCR result) showed multiple patchy and strip-like dense shadows in both lungs. The lesions have progressed. **d** CT on day 14 (with positive rRT-PCR result) showed multiple patchy and high dense shadows in both lungs, mainly in the peripheral zone of the lower lobes. The lesions progressed significantly. *CT* computed tomography, *rRT-PCR* real-time reverse transcription-polymerase chain reaction, *SARS-CoV-2* severe acute respiratory syndrome coronavirus 2Fig. 2Disease development and treatment application. The development process of the disease is shown starting from the illness onset. The patient was admitted to our hospital 3 days after illness onset. rRT-PCR results were consistently negative until 11 days after illness onset (day 8 after admission). The lesions shown in CT progressed before the first positive rRT-PCR result. The virus duration in the respiratory samples was 4 days, during which the pulmonary lesions progressed. After that, patient symptoms were relieved, and the pulmonary lesions were absorbed. *CT* computed tomography, *rRT-PCR* real-time reverse transcription-polymerase chain reactionFig. 3Imaging features of lung ultrasound. **a** Lung ultrasound of the left lower lung (day 14) showed confluent B lines, which can be found in interstitial pneumonia. This area showed patchy and strip-like dense shadows on CT. **b** Lung ultrasound of the right lower lung (day 14) showed air bronchograms and shred signs, which are features of lung consolidation. These features were similar to those of CT. *CT* computed tomography

Between January 20, 2020 and February 5, 2020, a total of 99 confirmed cases of COVID-19 were detected by rRT-PCR in our hospital, with five patients having false-negative rRT-PCR results (false-negative rate = 5.05%). False-negative nucleic acid detection results could be caused by various reasons, including the sample quality, viral load, and stage of disease \[[@CR4], [@CR5]\]. Collecting nasopharyngeal or throat swabs may render patients feeling uncomfortable and cause a risk of infection to healthcare workers. Thus, sputum or saliva samples from deep in the throat were collected for nucleic acid detection in our hospital. In this case, the patient had no symptoms of expectoration, so the amount of their sputum samples may have been relatively low with uncertain sample quality. In addition, this patient was in the early stages of COVID-19, which may be related to the lower viral load. We noticed that this patient was young, which means that they most likely had stronger immunity and higher resistance to viral infections, and may have reduced the viral load. In the early stage of the epidemic, clinicians did not realize that the virus could also exist in feces, so this patient did not undergo continuous nucleic acid testing of stool samples. In this case, the evolution of pulmonary lesions on CT was consistent with the severity of the disease, which indicated that CT findings could be used to evaluate the severity and progress of COVID-19 \[[@CR6]\]. However, CT can be inconvenient for patients with severe disease, and the process of transferring patients may increase the risk of viral spread. Considering the limitations of CT, researchers tried to use point-of-care ultrasounds to screen COVID-19 patients or to evaluate the progress of pneumonia, which was convenient for radiation-free monitoring at low cost. They found that lung ultrasound yielded findings that were similar to those of CT, and lung ultrasound features were related to the disease stage and severity \[[@CR7]\]. Therefore, lung ultrasounds have major clinical implications for the management of SARS-CoV-2 infection. In this case, systematic treatments including oxygen therapy, antiviral therapy, and glucocorticoids were performed in time, resulting in a favorable prognosis. It was reported that treatment with glucocorticoids may prolong viral infection in severe COVID-19 patients \[[@CR8]\], which may be due to the inhibition of the immune response by steroids, and resulting in the decreased ability of immune cells to clear the virus. This patient received antiviral therapy and low-dose glucocorticoids in the early stage, which may have influenced the viral load. The relationship between steroid treatment and rRT-PCR results should be explored in a well-designed study.

In summary, young patients who are in the early stages of COVID-19 may be more likely to have false-negative rRT-PCR results. Diagnosis based only on rRT-PCR may miss some inapparent infections due to false-negative results \[[@CR9]\]. Epidemic history and image features of chest CT should be considered during COVID-19 diagnosis. Highly suspected patients of SARS-CoV-2 infection with initial false-negative rRT-PCR results still require timely isolation with repeated nucleic acid detection and CT scans. The value of point-of-care ultrasound in disease monitoring cannot be ignored. Further research should investigate the factors causing SARS-CoV-2 false-negative rRT-PCR which results in a larger sample.
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